. siRNA screening and MARK4 depletion phenotype. (A) Schematic representation of the screening procedure. (B) Raw images were acquired at two wavelengths (Cy3 channel/cilia and DAPI channel/nuclei) using a screening station (Biosystems ScanR; Olympus) and analyzed by automated readout assay (1). Objects (false colored in green) were subjected to classification (based on signal intensity and shape), and edge objects were excluded (2). These objects were only classified as nuclei and cilia (white) if they fulfilled all classification criteria (3). Objects featuring parameters lying outside of these classifications were excluded (3, green-and red-colored objects). Cilia were determined to belong to a certain nuclei according to the distance (4), and the percentage of ciliated cells was calculated (5). The percentage of ciliated cells per well varied from 100% (red) to 0% (dark blue). acetyl. tub., acetylated tubulin. (C) Scatter plot of primary screen results in which the percentages of ciliated cells are plotted on the y axis versus the corresponding 2,300 sample wells on the x axis. One representative experiment out of two is shown. MAD, medium absolute deviation. (D) Graph shows the percentage of ciliated cells under low-serum conditions used in the siRNA screen after control or MARK4 depletion using an siRNA SMARTpool or two independent siRNAs. Data are means ± SD of three independent wells, derived from two independent screens. (E-G) After control or MARK4 depletion, RPE1 cells were serum starved for 48 h and stained for -tubulin, DNA, Arl13b (E), and acetylated (F) or detyrosinated (detyr.) tubulin (G). In the left images, merged images are shown, and regions within the white boxes are shown at higher magnification on the right. (H) Cell cycle profiles of control or MARK4-depleted cells determined by FACS analysis. The percentages of cells at the indicated cell cycle stages are shown. Total events = 10,000 from a single experiment. (I) After control or MARK4 depletion, RPE1 cells were serum starved for 48 h and stained for Ki67 (proliferating cells), polyglutamylated (polyglu.) tubulin, and DNA. Only merged images are shown. Ki67-positive nuclei appear in cyan in merged images. (right) Quantification of Ki67positive cells. Data are means ± SD of three independent experiments. (J) After control or MARK4 depletion, RPE1 cells were serum starved for 48 h and stained for polyglutamylated tubulin, and whenever a cilium was present, the length of the ciliary axoneme was measured. Mean values ± SD from one representative experiment out of three is shown. (K) NIH 3T3 cells were treated with control or three independent MARK4 siRNAs and serum starved for 24 h, and percentages of ciliated cells were determined using polyglutamylated tubulin as a cilia marker. Data are means ± SD of three independent experiments. The sequence of the used synthetic peptides is marked in red. Asterisks, double, and single dots denote identical amino acids in four, three, or two of the MARK kinases, respectively. (B) Test of MARK4 antibody in an immunoblot using lysates of HEK293T cells transiently transfected with either GFP, GFP-hMARK2, GFP-hMARK4S, or GFP-MARK4L. MARK4S is a shorter isoform that differs from MARK4L in the C-terminal domain, which is recognized by the MARK4 antibodies. The expression of the GFP fusion proteins was confirmed using the GFP antibody. Asterisks indicate unspecific bands. (C and D) Full scans of immunoblots shown in Fig. 1 (E and H) , respectively. Verification of MARK4 knockdown in RPE1 (C) and NIH 3T3 cells (D) by immunoblot analysis using the indicated antibodies. Asterisks indicate unspecific bands. (E) After control or MARK4 depletion, NIH 3T3 cells were serum starved for 24 h and stained for MARK4 and polyglutamylated tubulin. For control depletion, a cell with cilium (top row) and an unciliated cell (middle row) are shown to facilitate the comparison with the MARK4-depleted unciliated cell (bottom row). Insets show higher magnification of the centrosomal region. (F and G) Confirmation of MARK4 antibody specificity using the indicated synthetic peptides in A as blocking peptides. RPE1 cells (F) or NIH 3T3 cells (G) were serum starved and stained for MARK4, -tubulin, acetylated tubulin (acetyl. tub.), and DNA in the absence (top row) or presence of the blocking peptides (bottom row). Figure S3 . Effect of MARK4 depletion on MT cytoskeleton. (A-D) After control or MARK4 depletion, RPE1 cells were serum starved for 48 h and stained for centriolar satellites using the indicated antibodies. The localization of centriolar satellite proteins to the centrosome, which is dependent on MTs, was not changed upon MARK4 depletion. The right images show merged images. Regions within the white boxes are shown at a higher magnification in the insets. (E-G) After control or MARK4 depletion, RPE1 cells were serum starved for 48 h and, for the last 16 h, treated with either solvent control (DMSO) or the HDAC6 inhibitor Trichostatin A (TSA). In DMSO-treated cells, MARK4 depletion leads to a reduction of tubulin acetylation as shown by immunofluorescence (E) and immunoblotting (F) using anti-acetylated tubulin antibodies. TSA treatment increases the tubulin acetylation in both control and MARK4depleted cells but does not rescue the ciliogenesis defect in MARK4-depleted cells (G). Percentages of ciliated cells were determined using polyglutamylated tubulin as a cilia marker. Data are means ± SD of two independent experiments. (H and I) After control or MARK4 depletion, RPE1 cells were serum starved for 48 h and analyzed by immunofluorescence (H) and immunoblotting (I) using anti-detyrosinated tubulin antibodies. (G) Centrosomes from NIH 3T3 cells and NIH 3T3 cells expressing either LAP-hMARK4L or the kd mutant were isolated by centrifugation using a discontinuous sucrose gradient and immunoblotted for ODF2, -tubulin, and GFP. One representative experiment out of three. Black lines indicate that intervening lanes have been spliced out. Boxes show the top and bottom quartiles (25-75%) with a line at the median, and whiskers extend from the minimum to the maximum of all data. Figure S5 . Subdistal, but not distal, appendages are affected by ODF2 depletion. (A) RPE1 cells treated with control or ODF2 siRNA were serum starved for 48 h and stained for ODF2, polyglutamylated tubulin, and DNA. Regions within the white boxes are shown at higher magnification in Fig. 6 J. (B and C) Micrographs of serial TEM sections from control depleted (B) and ODF2-depleted (C) RPE1 cells showing the mother centriole in cross section with distal (DA) and subdistal appendages (SDA). (D) After control or ODF2 depletion, RPE1 cells were serum starved for 48 h and stained for centriolin, polyglutamylated tubulin, and DNA. (E) Quantification of D. Box and whisker plots show the relative fluorescence intensity of centriolin at the centrosome after control and ODF2-depleted RPE1 cells. A.U., arbitrary units. (F) After control or ODF2 depletion, RPE1 cells were serum starved for 48 h and stained for Cep164, polyglutamylated tubulin, and DNA. (G) Quantification of F. Box and whisker plots show the relative intensity of Cep164 at the centrosome after control and ODF2-depleted RPE1 cells. Boxes show the top and bottom quartiles (25-75%) with a line at the median, and whiskers extend from the minimum to the maximum of all data. Insets show higher magnification of the centrosomal region.
